Purpose: We report our approach to the management of postcatheterization femoral artery pseudoaneurysms and arteriovenous fistulae in an attempt to determine the frequency of spontaneous resolution of selected lesions. Methods: We studied 196 pseudoaneurysms, 81 arteriovenous fistulae, and 9 combined lesions that were identified by duplex scan. Indications for immediate surgical repair included pseudoaneurysm greater than 3 cm, enlarging hematoma, pain, groin infection, nerve compression, limb ischemia, concomitant surgical procedure, and patient refusal or inability to comply with follow-up. All other lesions were observed. Results: One hundred thirty-nine patients underwent prompt surgical repair, and 147 patients were initially managed without operation. There were no limb-threatening complications associated with nonoperative management in this subset of patients. Eighty-six percent of the lesions being observed resolved spontaneously within a mean of 23 days, whereas 14% required surgical closure for a variety of reasons (at a mean of 111 days after the initial diagnosis). There was no statistically significant difference in the rate of spontaneous pseudoaneurysm closure (89%) as opposed to fistulae (81%) (p = 0.17). By life-table analysis, 90% of selected pseudoaneurysms had resolved by 2 months. Patients selected for observation underwent an average of 2.6 duplex scans per patient versus 1.4 scans per patient for those treated with immediate surgery (p < 0.01).
The optimal cost-effective management of such iatrogenic problems has not been clearly defined. Many surgeons continue to recommend prompt surgical management, >3 whereas others suggest the initial use of ultrasound-guided compression therapy.4-7 The recommendation for prompt intervention is based on the adverse natural history of non-iatrogenic penetrating arterial trauma. 8 ~0 However, femoral catheterization-related injuries may not share the same natural history because they are not associated with the same degree of tissue trauma and may therefore allow a more conservative treatment approach.
Indeed, spontaneous closure of some pseudoaneurysms has been reported, nq6 We have previously reported our preliminary experience with 19 iatro-. genic femoral pseudoaneurysms and arteriovenous fistulae that were subjected to observation and have documented resolution of these lesions in 89% of cases within a mean of 31 days from diagnosis? 6 803 JOURNAL OF VASCULAR SURGERY 804 Toursarkissian et al. May 1997 Encouraged by these findings and in an attempt to better clarify the natural history and optimal management of iatrogenic postcatheterization groin pseudoaneurysms and arteriovenous fistulae, we undertook an evaluation of all such injuries diagnosed in our vascular laboratory over the past 6 years.
METHODS
All patients diagnosed in the Barnes Hospital vascular laboratory with a postcatheterization groin pseudoaneurysm or arteriovenous fistula from January 1990 through June 1996 were identified by our computerized vascular registry. A duplex scan after groin catheterization was not performed routinely. It was carried out only when a vascular complication (hematoma, pulsatile mass, atypical pain, vessel thrombosis, or a new bruit) was suspected by the referring physician.
Duplex scans for diagnosis were performed with an Acuson XP/10 computed color Doppler sonography system with a 5 MHz linear probe (Acuson, Mountain View, Calif.). Longitudinal and cross-sectional duplex images of the femoral vessels were obtained. A pseudoaneurysm was defined as an extraluminal collection of blood with turbulent flow characteristics communicating with flowing arterial blood through a defect in the arterial wall. An arteriovenous fistula was defined as an abnormal communication of flowing blood between an artery and a vein that resulted in turbulent arterial flow signals within the vein.
Patients' medical record charts (both inpatient and outpatient) were reviewed for demographic criteria as well as the specifics of the catheterization procedure (sheath size, therapeutic intervention, patient symptoms, pulse examinations, duration of follow-up, number of duplex scans required, and ultimate outcomes).
Criteria for prompt surgical intervention were developed from our previous experience 16 and were used as treatment guidelines in this study. These criteria included pseudoaneurysm size greater than 3 cm, pseudoaneurysm expansion (based on duplex measurement and regardless of initial size), hematoma expansion on clinical examination, severe local symptoms (pain, femoral nerve compression, ischemia from acute arterial thrombosis), groin infection, the need for long-term anticoagulation therapy, inability of the patient to return for follow-up, patient refusal of conservative management, or simultaneous repair during another surgical intervention (such as coronary artery bypass grafting). M1 other patients were observed. Our protocol called for a repeat duplex scan 2 weeks after the initial diagnosis, 4 weeks after the initial diagnosis, and monthly thereafter for 3 months. Persistent lesions or ones that became symptomatic during follow-up were subsequently repaired surgically. Patients who were selected for conservative management were discharged home when stable from their medical conditions, and hospitalization was not prolonged solely for the purpose of groin observation. None of the patients being observed were given anticoagulation medication during the observation period.
Statistical analyses of results used analysis of variance, X 2 testing, or two-tailed Student's t test. For statistical analysis purposes, patients who had combined pseudoaneurysms and arteriovenous fistulae were Counted as having pseudoancurysms. KaplanMeier (life-table) closure rate curves for lesions managed without surgery were constructed using a JMP statistics program (SAS Institute, Cary, N.C.).
RESULTS
A total of 286 lesions were included in the study (Table I) . They comprised 196 pseudoaneurysms, 81 arteriovenous fistulae, and 9 combined lesions. There were 152 men and 134 women. The most frequent inciting event was simple diagnostic cardiac catheterization in 56% of cases.
One hundred thirty-nine lesions (49%) were managed with acute surgical intervention. The re- maining 147 (51%) were initially treated by nonoperative observation. The most frequent indication for acute surgical intervention was the need for longterm anticoagulation therapy in 33 (24%) ( Table II) . The group of patients who were selected for observation tended to include more patients with arteriovenous fistulae as compared with the group who underwent surgery acutely (p < 0.01). Of the 147 patients selected for observation, 14% (10 pseudoaneurysms and 11 arteriovenous fistulae) failed conservative management and underwent delayed surgical intervention. The lesions spontaneously resolved in the remaining 126. Of the 21 lesions that underwent delayed surgery, 10 were treated because of the failure of conservative management (i.e., failure to resolve with continued observation), six because of expansion, two because of pain, and three based on patient preference. Life-threatening or limb-threatening complications did not develop during the period of follow-up in any of the 147 patients who were selected for observation, including the 21 patients who subsequently required surgical intervention. One patient who was being observed with a femoral pseudoaneurysm died of unrelated causes 43 days after diagnosis.
Thus overall surgical intervention was required in 56% of cases (i60 of 286) and in only 14% of cases initially selected for observation (21 of 147). We found no correlation between spontaneous closure versus operative closure requirement and sheath size (p = 0.63) or the nature of the procedure that resulted in the injury.
Patients who were treated with acute surgery underwent operation an average of 7.5 days (median, 2 days) after the diagnosis, whereas patients who underwent delayed surgery did so an average of 111 days (16 weeks; median, 40 days) after the initial diagnosis (p < 0.01). There were no operative deaths from surgical repair in either the acute or delayed surgical repair groups. Five postoperative complications could be directly attributed to the surgical repair: two lymphoceles that required reoperation, two wound infections (one of which required operative management), and one case of poor wound healing that necessitated open debridement. Thus the surgical complication rate was 3%. Patients who were managed by observation only had resolution of the lesion (pseudoaneurysm or arteriovenous fistula) documented at an average of 23 days (median, 15 days) after the initial diagnosis was made (range, 1 to 125 days). The arteriovenous fistulae tended to tal~e a longer time for spontaneous closure as opposed to the pseudoaneurysms (average of 28 days vs 21 days, respectively; p = 0.94). There was no statistically significant difference in the likelihood of closure between pseudoaneurysms (88%) and fistulae (81%) (p = 0.17). By Kaplan-Meier lifetable analysis (Fig. 1) , 90% ofpseudoaneurysms were closed by 2 months, whereas 90% of arteriovenous fistulae were closed by 4 months.
Patients who were observed for spontaneous resolution required an average of 2.6 duplex scans per patient until documentation of lesion resolution (range, 2 to 7). In contrast, patients who underwent operation acutely underwent an average of 1.4 duplex scans per patient (p < 0.01), whereas those who underwent delayed surgical repair required an average of 2.8 scans per patient (not statistically different from patients with spontaneous resolution; p = 0.41).
DISCUSSION
Studies of the natural history ofpseudoaneurysms and arteriovenous fistulae that result from accidental May 1997 ) or violent trauma reveal a low incidence of spontaneous resolution 17 and a high likelihood of complications, including bleeding, arterial thrombosis, skin erosion, adjacent nerve compression, venous hypertension, or congestive heart failure. The natural history of postcatheterization pseudoaneurysms and arteriovenous fistulae, on the other hand, seems to be different. Since an original report by Kotval et al., ~s a number of studies have suggested that a proportion of postcatheterization pseudoaneurysms and arteriovenous fistulae do resolve spontaneously without the need for any form of intervention. 11, 12, 14, 16, 18, 19 In a previous study from our own institution, we observed 18 patients with 19 stable lesions and documented resolution of 89% of these lesions within a period of 31 days of observation and observed no interval complications. Two studies have noted a high likelihood of spontaneous resolution for smaller pseudoaneurysms compared with larger ones, 12,19 although the trend fell short of statistical significance in one of these) 2 That same study noted a higher likelihood of spontaneous pseudoaneurysm .thrombosis in patients who did not receive chronic anticoagulation therapy. The data are more conflicting when arteriovenous fistulae are considered, with most studies showing a high likelihood of spontaneous resolution 12,14,16 but with others reporting opposite results. 1 ~ In our current report, 81% of selected arteriovenous fistulae resolved with observation.
The results of our present study suggest that a large number of clinically stable pseudoaneurysms and arteriovenous fistulae can be safely observed in anticipation of spontaneous resolution. Patients who experienced pain, increasing pseudoaneurysm size, or enlarging hematoma promptly underwent surgery, and the safety of expectant management cannot therefore be extrapolated to these subgroups. Similarly, patients who had pseudoaneurysms larger than 3 cm or were in need of chronic anticoagulation therapy were treated with operation; the latter approach is based in part on reports suggesting that patients who have pseudoaneurysms and receive anticoagulation therapy are more likely to have pseudoaneurysm enlargement with resultant complications) 3 In our present study the majority (90%) of pseudoaneurysms being observed that resolved did so within 60 days, and in stable asymptomatic patients we recommend continued observation for at least 60 to 90 days; arteriovenous fistulae may warrant a longer observation period. Lesions that persist can then be addressed with a low perioperative morbidity and mortality rate. Using the above-mentioned strict selection criteria, 86% of patients selected for conservative management saw their lesions resolve without the need for any additional intervention. Unfortunately, it does not appear from a review of the literature that any specific Doppler ultrasound criteria (other than size less than 3 cm) can be used to predict which pseudoaneurysms will spontaneously resolve. We did not specifically attempt to address this last issue in this current study.
The use of ultrasound-guided compression repair (UGCR) has gained recent enthusiasm, with a number of studies reporting success rates of 60% to 93%. 4'5'7'11 '12'20'21'23-28 In pilot studies at our institution we have not had similar success. Moreover, most UGCR studies in the literature have excluded a significant proportion of patients for a number of reasons, including the need for urgent surgical treatment because of bleeding, infection, spontaneous resolution before UGCR attempt, or patient intolerance. 2°,2a-2s In addition, patients who require continued anticoagulation therapy are frequently not considered good candidates for UGCR. 5,20-24,26 arteriovenous fistulae have been reported by some to have a low likelihood of success with UGCR. 26 A large number of pseudoaneurysms that are treated with UGCR are relatively small (-<3 cm) 21-23'25'2s and would qualify for observant management under our criteria. Indeed, a number of studies of UGCR have shown an inverse correlation between pseudoaneurysm size and success rate with UGCR, 4'6 thereby suggesting that larger lesions might be preferentially addressed with surgery. Thus the criteria used to exclude patients from UGCR are very similar to the ones we use to exclude patients from observation. We made, however, no direct comparison between UGCR and observation. Lastly, the use of 
CONCLUSION
Vascular groin complications may occur in as many as 9% of patients after percutaneous arterial catheterization. 1,4,7,H,31 Such complications appear more likely after therapeutic procedures, 1,7 especially with the use ofperiprocedural anticoagulation therapyl,31,32 and may be more common in elderly women. 1,32 As many as two thirds of all injuries are pseudoaneurysms. 8 We suggest that a majority of postcatheterization groin pseudoaneurysms and arteriovenous fistulae can be managed expectantly when they fit the stated criteria. The criteria for immediate surgical intervention are listed in Table III. Patients who have stable pseudoaneurysms slightly larger than 3 cm, patients who are unavailable to follow-up or who refuse conservative management, and who have otherwise no other indications for acute surgical intervention may be considered candidates for UGCR in institutions where such expertise is available. Patients who have no indications for acute surgical intervention (as listed in Table III) undergo repeat duplex scan at 2 weeks, 4 weeks, 8 weeks, and 12 weeks until the lesion is noted to have resolved. We prefer observation to UGCR in this group of patients because it is safe, noninvasive, and highly effective. If the lesion persists by 12 weeks after diagnosis surgical treatment is considered, although a longer observation period may be warranted for fistulae. Expectant management under these strict guidelines appears safe and effective. Patients who were managed expectantly in our study did not require prolongation of hospitalization for monitoring, and no complications developed as a result of the groin vascular injury during the period of observation.
DISCUSSION
Dr. Timothy M. Sullivan (Cleveland, Ohio). Dr. Toursarkissian and his colleagues have reported on the natural history of iatrogenic femoral artery trauma and have outlined an algorithm for the management of stable patients with this complication. They prospectively evaluated 286 lesions, about half of which underwent prompt surgical repair. The most frequent indications for immediate repair were the need for long-term anticoagulation, concomitant surgical procedures, and expansion while being observed; the average time interval from diagnosis to definitive repair was 7.5 days. Eighty-six percent of the remaining 147 lesions resolved spontaneously without complication at a mean of 23 days.
The authors' protocol involves an initial duplex scan followed by additional scans at 2 weeks and 4 weeks, then monthly thereafter; patients who were treated expectantly underwent an average of 2.6 duplex scans. Our group in Cleveland has had some interest in nonoperative treatment of these lesions with ultrasound-guided compression, especially in light of the volmne of diagnostic and interventional cardiac procedures performed at the Cleveland Clinic Foundation. Cox et al., from our department, reported on 100 consecutive ultrasound-guided compression procedures with an overall success of 94%. Dean et al., from the Department of Vascular Medicine, subsequently evaluated 77 patients receiving uninterrupted anticoagulant therapy who were treated with the same technique; 73% of procedures were successfi_fl, although false aneurysms greater than 4 cm in diameter were less likely to thrombose with compression.
I have a myriad of questions but will limit them to just a few. First, how did you decide on the cutoff of a 3 cm maximum diameter? Some studies have shown that even larger false aneurysms may heal spontaneously. Should we be observing larger lesions, say 4 cm or 5 cm? Second, was the time interval (7.5 days) between diagnosis and acute surgical treatment related to the observation of the pseudoaneurysm? During that time, what percentage of the "stable" false aneurysms of 3 cm diameter or less enlarged or became symptomatic, and were therefore excluded from the group that was managed conservatively?
Although you have presented some very important information regarding the benign nature of small, stable lesions, I wonder whether watching all of them is the most expeditious and cost-effective method of treatment. If our goal is nonoperative treatment, then why not, at the time of the initial diagnostic ultrasound scan, attempt to treat these lesions, given the excellent results of ultrasoundguided compression, even in patients undergoing anticoagulation therapy? The charge for ultrasound-guided compression is almost identical to that of diagnostic ultrasound alone, and once-successfully treated, patients can be discharged, which avoids the cost of duplex follow-up. Our policy has been, in general, to operate on false aneurysms that are not amenable to or fail ultrasound-guided compression. In light of your data, how should we change our clinical practice? taneous thrombosis. Have yon identified any ultrasound characteristics that may aid in determining which lesions will thrombose and which should be treated? Dr. Drazen Petrinec. First, in terms of the choice of a 3 cm diameter, that was an empiric choice that we made on the basis of our observation and others in the literature that larger pseudoaneurysms are more often symptomatic and are less likely to resolve spontaneously than smaller ones.
In terms of whether we should be observing 4 to 5 cm lesions, we have not done so to this point, but this is certainly a matter worth further consideration.
In terms of the time interval for acute surgical treatment, although the mean was 7.5 days, the median was actually 2 days. A lot of these patients, as I am sure you are aware, have a lot of concurrent medical problems that require optimization and stabilization before intervention. There was no cross-over between the groups in that patients who were managed conservatively and who then required intervention were grouped in the analysis with the patients as patients being treated conservatively. There was no cross-over in analysis.
As far as the experience with UGCR, you at the Cleveland Clinic certainly have had very good experience with that, which may or may not be shared by other people. In our limited experience, the patients in whom we have attempted to perform ultrasound-guided compression have required extensive sedation; the procedure is fairly lengthy and time-consuming, which can cause quite a bit of strain on a busy vascular laboratory without, as you mentioned, being reimbursable. The average time is close to 1 hour. The procedure does have certain complications associated with it, and I should also point out that a large number of series in the literature that report high success rates of selective patients--that is a lot of the patients who are selected for ultrasound-guided compression--are patients who we would otherwise observe, and therefore the lesions that are less likely to respond are excluded from those series that report high results.
Finally, in terms of the question as to which ultrasound criteria to use, we have not specifically looked for such criteria, and the study by Kotral et al. is a study of changes that are happening in the pseudoaneurysm while it is under observation and do not relate to initial ultrasound criteria at the time of initial diagnosis. I am not aware of any other such criteria that could be of use, unfortunately.
